behaved like those of copper in expanding regularly until a maximum was attained, and then contracting slightly to a definite point whilst the battery remained connected ; on stopping the current they contracted without irre gularity. "When examined at lower temperatures, with a greater degree of strain, no irregularity was observed. Various wires of aluminium were examined; the most suitable was one 0'88 millimetre thick, 20'4 centi metres long, with a strain of 12^ounces"; no irregularity was observed at any temperature below redness; aluminium expanded and cooled very slowly, but less so than cadmium. Various wires and ribbon of magnesium were also examined below a red heat, but no irregularity of cohesion, ex cept that due to gradual softening by heat, was detected.
All the metals examined exhibited gradual loss of cohesion at the higher temperatures if a suitable strain was applied to develope it. It is probable that if the fractions of time occupied by the needle in passing over each division of the index were noted, and the wire perfectly protected from currents of air, small irregularities of molecular or cohesive change might be detected by this m ethod; cadmium and zinc offer a prospect of this kind.
This molecular change would probably be found to exist in large masses of wrought iron as well as in the small specimens of wire which I have examined, and would come into operation in various cases where those masses are subjected to the conjoint influence of heat and strain, as in various engineering operations, the destruction of buildings by fire, and other cases.
IV.
" On the Development of Electric Currents by Magnetism and Heat." By G. Gore, E.R.S. Received November 14, 1868.
I have devised the following apparatus for demonstrating a relation of current electricity to magnetism and heat.
A A, fig. 3 , is a wooden base, upon which is supported, by four brass clamps, two, B, B, on each side, a coil of wire, C ; the coil is 6 inches long, 11 inch external diameter, and f of an inch internal diameter, lined with a thin glass tube ; it consists of 18 layers, or about 3000 turns of insulated copper wire of 0'415 millim. diameter (or size No. 26 of ordinary wiregauge) ; D is a permanent bar-magnet held in its place by the screws E, E, and having upon its poles two flat armatures of soft iron, F, F, placed edgewise. Within the axis of the coil is a straight wire of soft iron, G, one end of which is held fast by the pillar-screw H, and the other by the cylindrical binding-screw I ; the latter screw has a hook, to which is attached a vul canized india-rubber band, J, which is stretched and held secure by the hooked brass rod K and the pillar-screw L. The screw H is surmounted by a small mercury cup for making connexions with one pole of a voltaic battery, the other pole of the battery being secured to the pillar-screw M, M r. Gore on the Development o f Electric Cur which is also surmounted by a small mercury cup, and is connected with the cylindrical binding-screw I by a copper wire with a middle flattened portion O to impart to it flexibility. The two ends of the fine wire coil are soldered to two small binding-screws at the back; those screws are but partly shown in the sketch, and are for the purpose of connexion with a suitable galvanometer. The armatures F, F are grooved on their upper edges, and the iron wire lies in these grooves in contact with them ; and to prevent the electric current passing through the magnet, a small piece of paper or other thin non-conductor is inserted between the magnet and one of the armatures. The battery employed consisted of six Grove's ele ments (arranged in one series), with the immersed portion of platinum plates about 5 inches by 3 inches ; it was sufficiently strong to heat an iron wire 1*03 millim. diameter and 20#5 centims. long to a low red heat. By making the contacts of the battery in unison with the movements of the galvanometer-needles, a swing of about 12 degrees of the needles each way was obtained. The galvanometer was not a very sensitive one; it con tained 192 turns of wire. Similar results were obtained with a coil 8 inches long and l j inch diameter containing 16 layers, or about 3776 turns of wire of 0 '415 millim. diameter (or No. 26 of ordinary wire-gauge), and a permanent magnet 10 inches long. Less effects were obtained with a 6-inch coil consisting of 40 layers, or about 10,000 turns of wire 0*10 millim. diameter, also with several other coils. The maximum effect of 12 degrees each way with six Grove's cells in one series was obtained when the wire became visibly red-hot, and this occurred with an iron wire 1*03 millim. diameter (or No. 19 of ordinary wire-gauge) ; but when employing ten such cells as a double series of five, the maximum effect was then obtained with an iron wire (size Nos. 17 and 18) 1/28 to 1*58 millim. diameter, the deflec tion being 16 degrees each way. By employing a still thicker wire and a battery of greater heating-power still greater effects were obtained.
The galvanometer was placed about 8 (and in some instances 12) feet distant from the coil. A reversal of the direction of the battery current did not reverse or perceptibly affect the current induced in the coil; but by reversing the poles of the magnet, the direction of the induced current was reversed. On disconnecting the battery, and thereby cooling the iron wire, a reversed direction of induced current was produced. By substituting a wire of pure nickel 24'5 centims. long and 2*1 millims. diameter, induced currents were obtained as with the iron, but they were more feeble. No induced current occurred by heating the iron wire if the magnet was absent; nor was any induced current obtained if the magnet was present and wires of palladium, platinum, gold, silver, copper, brass, or german-silver were heated to redness instead of iron wire; nor with a rod of bismuth 3*63 millims. diameter enclosed in a glass tube and heated nearly to fusion ; it is evident, therefore, that the axial wire must be composed of a magnetic metal.
No continuous current (or only a very feeble one) was produced in the coil by continuously heating the iron wire. In several experiments, by employing twelve similar Grove's elements as a double series of six intensity, an iron wire 1*56 millim. diameter was made bright red-hot; and by keeping the current continuous until the galvanometer-needles settled nearly at zero, > and then suddenly disconnecting the battery, the needles remained nearly stationary during several seconds, and then went rapidly to about 10 : this slow decline of the current during the first few seconds of cooling was probably connected with the " momentary molecular change of iron wire ** during cooling which I have described in the preceding paper. The irregularity of movement of the needles did not occur unless the wire was bright red-hot, a condition which was also necessary for obtaining the molecular change.
The direction of the current induced by heating the iron wire was found by experiment to be the same as that which was produced by removing the magnet from the coil; therefore the heat acted simply by diminishing the magnetism, and the results were in accordance with, and afford a further confirmation of, the general law, that wherever there is increasing or decreasing magnetism, there is a tendency to an electric current in a conductor at right angles to it. The author, referring to his previous paper on the Equine fossil remains from the cavern of Bruniquel, finds, in the preliminary illustrations of the dental characters of existing species of the Horse-kind, the requisite and much-needed basis of comparison for the determination of other fossils of the Solidungulate group, and he devotes the present paper to the elucidation of those which have reached him from Central and South America.
He commences by referring to the type-specimens of teeth, from two localities in South America, on which he founded the species E. curvidens, describing it (in 1840) " as one coexisting with the Megatherium, Toxodon, &c. in that continent, and which had become extinct at a prehistoric period."
He then proceeds to describe more complete evidences of the dentition of an allied extinct Horse discovered by Don Antonio del Castillo, mining engineer, in newer Tertiary deposits of the Valley of Mexico. Besides repeating the originally described characters of the curvature of
